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计了二元嵌合物探针，以 L-型核苷酸单体合成 L-型分子信标，并辅以两段 L/D

















































Fluorescent nucleic acid-based hybridization probes are a group of 
oligonucleotides labeled with fluorophores, which have wide application in chemistry, 
biology and medical fields. Since nucleic acids are present in almost all living species, 
they are theoretically the most biocompatible probes. Thus, fluorescent nucleic 
acid-based probes are naturally ideal for the monitoring of biological processes in live 
cells. Nonetheless, more and more people have found that many biological processes 
only take place in small areas, and in short timescales. Thus, in order to probe this 
processes, the probes should possess good spatial and temporal resolution. 
Furthermore, due to the complex components in live cells, the probes should be stable 
enough to avoid being digested. After years of development, however, there are still 
some limitations for these probes, includes low spatial and temporal resolution, weak 
spatial orientation and poor stability. Therefore, this dissertation focuses on designing 
new fluorescent probes with molecular engineering to make up for these weaknesses. 
The research includes three parts: 
(1) To improve the spatial and temporal resolution of nucleic acid probes, caged 
molecular beacons (cMBs) were developed, which incorporated biomolecular 
interaction, covalent bond as the molecular lock and the photocleavable compounds as 
the key. Biotin-avidin was chosen as the first group of molecular lock due to their 
strong interaction, which survives even at high temperatures. The second class of 
molecular lock was formed by the click reaction between the azide and alkynyl group. 
On the other hand, o-nitrophenyl compounds were selected as the key because of their 
fast photolysis kinetics. This ensures that the photoactivation completes in a short 
time. Finally, when cMBs were subjected to fluorescence scanning and imaging, they 
emitted low fluorescence even when target sequences were added. The fluorescence 
could only recover after light irradiation. 
















impossible to image only the cell membrane, leaving the intracellular moiety. The 
new design was to add a long hydrophobic carbon chain (lipid) to sequence of 
molecular beacon. Since the lipid molecules can insert into the lipid bilayer of cell 
membrane, molecular beacon can thus anchor on the cell surface to image and sense 
the temperature changes there. The confocal fluorescence imaging verified that the 
probe stayed on the surface and were also protected from digestion. Further 
experiment indicated that the probe reported accurately the temperature variation on 
the cell surface. 
(3) To avoid the false signals generated by nucleic acid probes in complex systems, 
an L/D oligonucleotide chimera binary probe (OCBP) was proposed. The probe was 
composed of three sequences, an L-DNA molecular beacons (LMB) and two chimera 
assistant DNA. Thanks to the special configuration, L-DNA could not be recognized 
by natural nucleic acids and proteins. The data from a series experiments showed that 
OCBP stayed unchanged in the presence of share-stem DNA, single-stranded DNA 
binding protein, nuclease and cell lysate. The probe was able to detect target sequence 
under complex conditions, as well as to distinguish single nucleotide variation. 
(4) Nowadays, when standard nucleic acid probes are applied to live cell imagings, 
they often suffer from high autofluorescence from cells. Moreover, the short 
wavelength laser used to excite the fluorophores is cytotoxic. To solve these problems, 
we introduced the design of upconversion nanoparticles (UCNPs) based fluorescent 
nucleic acid probes. The UCNPs based photoactivatable probes and FRET probes 
were developed according to the different emission of two UCNPs. The 
photoactivatable probes were successfully activated by irradiating with near infrared 
light while it was only realized by UV light irradiation. Also, the efficiency of the 
photoactivation was calculated by PAGE and HPLC. The good efficiency has ensured 
that the new design has a great potential of being an excellent probe. On the other 
hand, for the UCNPs based FRET probes, the FRET signal was acquired upon the 
exposure to near infrared light, which has verified the feasibility of the design.  
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